We identified a new radical scavenger, ansaetherone (C 26 H 33 NO 7 ), from a culture of the Streptomyces sp. USF-4727 strain. In our previous study, it was shown that this strain produced four lipoxygenase inhibitors, tetrapetalones A, B, C and D. The chemical structure of ansaetherone was elucidated by the spectroscopic method, indicating that this compound was constructed with an aglycon and a sugar moiety. This chemical structure suggested that ansaetherone was related to the tetrapetalones. This finding provided information regarding tetrapetalone biosynthesis. Ansaetherone showed radical scavenging activity with an ED 50 value of 300 M in our assay.
We have recently found four tetrapetalones, A (1), B (2), C (3) and D (4), which were produced as lipoxygenase inhibitors in the culture broth of Streptomyces sp. USF-4727. These tetrapetalones were constructed with a characteristic tetracyclic aglycon and a 2,3,6-trideoxy-D-galactosyl moiety. [1] [2] [3] [4] The biosynthetic origin of and the biosynthetic scheme for tetrapetalones heve been discussed in our previous paper. 5) We considered that this strain produced other bioactive compounds in its culture. We therefore searched for a new bioactive compound by employing the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity assay, and found a new radical scavenger in this study. We describe in this paper the cultivation of the strain; the extraction, isolation, and structural elucidation of the bioactive compound; and measurement of the radical scavenging activity. The Streptomyces sp. USF-4727 strain was inoculated into 14.4 liters of a medium (glucose, 4 g/l, malt extract, 10 g/l, yeast extract, 4 g/l, at pH 7.3) and cultivated for 9 ds at 30 C. The filtrate of this culture broth was loaded into a Diaion HP-20 column. The MeOH fraction was subjected to further purification by silica gel column chromatography developed with a n-hexane and acetone solvent system. We found not only tetrapetalones in the acetone fraction, but also another DPPH radical scavenging compound. This acetone fraction was purified by Sephadex LH-20 (MeOH) and preparative HPLC to yield 10 mg of ansaetherone (5) in the form of a colorless amorphous powder. Details of the isolation procedure for 5 are provided in the experimental protocol section. Radical scavenging activity was recognized by the reduction in color intensity on a TLC plate which had been sprayed with a 2% DPPH/EtOH solution after development.
The planar structure of ansaetherone (5) was elucidated by using spectroscopic measurements. Based on the result of HRFABMS measurements, the molecular formula of 5 was determined to be C 26 H 33 NO 7 . The IR spectrum of 5 showed the presence of ketone and hydroxyl groups.
In 0 -H/4 0 -H. These data and the HMBC correlations in this partial structure supported the planar structure of this sugar moiety to be consistent with that of 2,3,6-trideoxy-galactose (Fig. 2) (5) and Its Aglycon (6) . (130.7 ppm) indicated the position of this NH group at C-14. Moreover, long-range coupling at 11-H ( H 6.67) with C-9 ( C 76.7) and at 9-H ( H 4.59) with C-10 ( C 136.1) indicated that the C-10 quaternary carbon was connected to the C-9 carbon ( C 76.7). Partial structure B was obtained from the 1 H-1 H COSY and the HMBC spectral data as shown in Fig. 2 . Partial structure C contained four carbons connected together. Methine carbon C-8 ( C 41.3) was connected to one methyl carbon ( C 17.6) and two methine carbons ( C 76.7 and C 85.7). In the 1 H-NMR spectrum of this region, the two methine proton signals ( H 4.57 and H 4.59) were too close to be distinguishable. The methine carbon ( C 76.7) in partial structure C showed the HMBC cross peak between 11-H (partial structure A) and 1 0 -H (sugar moiety), suggesting that partial structures A and C and the sugar moiety were connected through this methine carbon ( C 76.7), as shown in Fig. 2 . On the other hand, the 7-H signal showed long-range coupling to C-5 and C-6, indicating that partial structures B and C were connected at this methine group ( C 85.7).
We subjected 5 to hydrolysis to obtain its aglycon. The signal assignment of the region from C-7 to C-9 was obtained by using this aglycon (6) . In the 1 H-NMR spectrum of 6, two signals ( H 4.57 and H 4.59 in 5) were separated to be located at 4.55 ppm and 4.36 ppm, respectively. In the HMBC spectrum of 6, the proton at 4.55 ppm (7-H) showed a correlation to the aromatic carbon at 142.8 ppm (C-15), indicating that the C-7 carbon ( C 85.4) was joined to C-15 through an oxygen atom to form a 6-membered ether ring.
As already described, partial structure A contained an NH group at C-14. We assigned this NH group to form an amide group with the C-1 carbonyl carbon. The chemical shift of this carbon ( C 172.9) and the NOE correlation between 2-H and this NH proton supported the presence of this amide group. The molecular formula and the chemical shift of C-12 ( C 153.4) suggested the presence of a hydroxyl group at this position.
Consequently, we could develop the total planar structure of ansaetherone (5) as that shown in Fig. 1 . This compound was constructed with one sugar moiety and one aglycon which was formed by two 6-membered rings and one characteristic 11-membered ring. Furthermore, it was found that ansaetherone (5) was structurally related to tetrapetalones.
The relative stereochemistry of the sugar moiety of 5 was estimated from the coupling constant in the 1 H-NMR spectrum and the NOE correlations. The 1 0 -H anomeric proton showed an NOE correlation with 5
0 -H, indicating that these two protons had a diaxial relationship. An analysis of the coupling constant in the 1 H-NMR spectrum demonstrated the relative stereochemistry of this sugar moiety as that shown in Fig. 3 . The relative stereochemistry of this moiety agreed with that of the 2,3,6-trideoxy-D-galactosyl moiety (Fig. 3) . The stereochemistry of the carbons from C-7 to C-9 was also estimated on the basis of the coupling constant in the 1 H-NMR spectrum of 6 and the NOE correlations. In this partial structure, the observation of two large coupling constants (J ¼ 6:9 Hz and 9.6 Hz) at 7-H/8-H and 8-H/ 9-H and the NOE correlations at 7-H/9-H, 20-H/7-H, and 20-H/9-H indicated the relative stereochemistry of this region as that shown in Fig. 4 . An NOE correlation between 7-H and 5-H, together with the high-field shifted 13 C chemical shift of C-19 ( C 17.8), indicated the stereochemistry at C-5 to possess an E configuration (Fig. 4) . The relative stereochemistry of C-2 and the geometric chemistry of C-17 could not be assigned because of insufficient information. We are investigating this assignment by using some derivatives of 5.
The absolute stereochemistry of 5 was estimated on the basis of the four tetrapetalones shown in Fig. 1 . In our previous study, 2) we determined the absolute chemistry of tetrapetalones by using the modified Mosher method.
6) Based on the planar structure and relative stereochemistry of 5, it could be deduced that this compound might be biosynthetically related to tetrapetalones. We considered that the absolute stereochemistry of 5 at the position of the sugar moiety and the carbons from C-7 to C-9 could be applied to that of known tetrapetalones. Consequently, the stereochemistry of 5 was consistent with that of the four known tetrapetalones, except with regard to C-2.
We evaluated the bioactivity of ansaetherone (5) by using DPPH, thus showing that 5 exhibited DPPH radical scavenging activity with an ED 50 value of 300 mM in our assay system (a reaction time of 30 min). Quercetin and -tocopherol were used as positive controls (ED 50 : 20 mM and 10 mM, respectively). On the other hand, tetrapetalone A had insufficient activity for the evaluation of ED 50 in this radical scavenging assay (tetrapetalone A >2 mM). The presence of a phenolic hydroxyl group at C-12 in 5 may cooperate to give this DPPH radical scavenging activity. However, details of the bioactivities for 5 are currently being investigated. We succeeded in this study, in the isolation and characterization of the new DPPH radical scavenger, ansaetherone (5), in a culture of Streptomyces sp. USF-4727. Based on its chemical structure, 5 seems to be an intermediate compound in the tetrapetalone biosynthetic scheme. Tetrapetalones have been shown to be polyketide compounds constructed from propanoate, butanoate, 3-amino-5-hydroxybenzoic acid (AHBA), and glucose.
5)
The presence of 5 in the tetrapetalone biosynthetic pathway, suggested that the aglycon of the tetrapetalones had been formed after conjunction with the sugar moiety. First, AHBA was synthesized and used as a starter unit for constructing an ansa bridge as well as known ansamycin antibiotics. [7] [8] [9] [10] Then, a sugar moiety derived from a glucose unit was joined to the ansa bridge, forming a precursor of tetrapetalones. This precursor was subjected to some modifications to form ansaetherone (5) and the known tetrapetalones (Fig. 5) . We are investigating the details of this biosynthetic scheme.
Experimental
Chemicals. Acetone-d 6 , CD 3 OD, and the other deuterated solvents for NMR measurements were obtained Instruments. Spectroscopic measurements were taken with the following instruments: NMR, Jeol ECX-400 spectrometer (tetramethylsilane as an internal reference at 0 ppm); HRFABMS, Jeol JMS-700 spectrometer; UV and visible spectra, Hitachi U2800A spectrometer; melting point, AS ONE ATM-01; IR, Perkin Elmer Spectrum One FT-IR; HPLC for analysis, Hitachi L-2130 (pump) and L-2400 (UV); HPLC for preparation, GL-Science PU715 (pump) and UV702 (UV/VIS).
Cultivation of the Streptomyces sp. USF-4727 strain. The USF-4727 strain was inoculated into 800 ml of a medium containing 0.4% glucose, 0.4% yeast extract, and 1.0% malt extract at pH 7.3 in a 2-l Erlenmeyer flask and cultivated at 30 C for 9 ds on a rotary shaker (150 rpm).
Isolation of ansaetherone (5) . The filtrate of the culture broth (14.4 l) of Streptomyces sp. USF-4727 was loaded into a Diaion HP-20 (1 kg) column. After successively washing with water and 10% MeOH, the crude extract was eluted by MeOH. This extract was subjected to further purification and applied to silica gel column chromatography which was developed with n-hexane and acetone. The acetone fraction showed DPPH radical scavenging activity. Hence, this fraction was purified by Sephadex LH-20 column chromatography (MeOH) and preparative HPLC (38% CH 3 CN/ 10 mM phosphate buffer (pH 2.6); Shiseido Capcell Pak C18 MG II column, 20 Â 250 mm; UV, 281 nm) to yield 10 mg of ansaetherone (5). Hydrolysis of ansaetherone. One milliliter of 6 N HCl was added to an MeOH solution (4 ml) of ansaetherone (5, 15 mg), and the mixture incubated at room temperature for 30 min. After neutralizing with 1 N NaOH, the reactant was adsorbed to HP-20 (100 g). It was then washed with water and eluted by MeOH. Further purification was done by preparative HPLC (30% CH 3 CN/10 mM phosphate buffer (pH 2.6); Shiseido Capcell Pak C18 MG II column, 20 Â 250 mm; UV, 281 nm) to give the aglycon of 5 (6, 5 mg) in the form of a colorless, amorphous powder. HRFABMS ½M þ H þ , Measurement of the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity. This assay was performed by the spectroscopic method. [11] [12] [13] [14] Each sample in an MeOH solution (2 ml) was mixed with a 0.5 mM DPPH MeOH solution (1 ml) in a 0.1 M acetate buffer (pH 5.5, 2 ml). The solution was allowed to stand for 30 min, and its absorbance (517 nm) was measured. In a blank test, MeOH alone was used for this measurement instead of a sample in the MeOH solution. The DPPH radical scavenging activity for each sample is shown as a percentage in comparison to the blank test. The ED 50 value is shown as the concentration required for 50% DPPH radical scavenging activity.
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